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(54); Olefin oiigomerization catalyst; process for ^paring the same, and olefin oSigomerization 
process using 9ie sanse >: , . 

(57) {Vn olefin oligomen^tion catalyst comprises at 
least one oxide selected from alumina and silica * alu- 
* mina having a ailjate ;iprV supported" therfepn. The 
amount of the sulfate ion contained in the catalyst is 
desirably in the range of 0.3 ; to 60 % by.weight based on 
»the total weight of the alumina and/or silica * alumina 

- anS the sulfate ion. The olefin pHgOmferization c^alyst 
cart be readily prepared by ; bringing a? "sutWrc 'acid 
.aqueous .solution or an ammonium i sulfate aqueous 
solution rnto contact with at least one compound 
selected from alumina, silica alumina and their precur- 
sors, Mowed by drying and calcining. Further, an olefin 
oligomerization catalyst comprises at least one oxide 
Selected from afunrdna and silica •alumina on which a 
transition metal oxide is further supported in addition to 
ihe sulfate ion. By the use of the catalyst a lower olefin 
produced in, for example, a petroleum refining process 

- can be converted into an oligomer of high value added. 
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Description 

FIELD OF THE INVENTION ; . :t r 

The present invention relates tp an 
oligomerization process using the catalyst More particularly, the iiwention relates to an dtefin oligomerization catalyst 
.-cfispablcof cc^tverting a lower olefin produced by, for example, petroleum refining uito ah oiigpmer of high value added 
such as ^ gasoline, kerosine or gas q!, and also relates to a process tor prepaf ing the catalyst aiid an olef iri bligbmeriza- 
tbn process using the catalyst. , V- 

BACK GROUND QF THE I NVENTIO N > r / ° ? ^X^^ ^ 

As solid catalysts for olefin oligomerization, there are known solid acid catalysts, such as solid phosphoric acid, sil- 
jca alumina and zeolite, and catalysts wherein a transition metal is supported on silica, alumina, silica • alumina or 
.apBve carbon (see: "Industrial Catalyst Reaction r, Catalyst Course Vol. 8, 1985, published by Kodansha, "Catalyst : 
Reaction (3), Polymerization", Catalyst Industrial Course Vol. 8, 1977, published by Chijinshokan). 
v Exarriples of olefin oligomerization processes using catalysts having alumina or silica alumina as a carrier include: 
a procsss using a catalyst wherein nickel' sulfide is supported on a carrier of silica, alumina or silica • alumina, as 
described in Japanese Patent Publication No. 2$9m74\ a proces^ using a catalyst wherein nickel oxide and cobalt 
sulfate and/or magnesium sulfate are supported on aluiriina, as described in Japanese Patent Publication No. 
,30044/1975; a prqeessusing a nickel oxide-aluminum phosphate catalyst corrtainirig'a small amount of alumina, silica 
-or silica -alumina, as, descried in Japanese Nert Publtcatidn No. '30046/1975; and a process using a catalyst 
obtained by allowing', a -carrier of alumina, siira or^ica - alumina to support thereon a nickel compound capable'of 
being converted into nickel oxide by calcining and any of nitrate, sulfate and halide of a metal selected from Ca, Mg, Cd f 
. Co, Zn. Al, Fe. 2r and Mn, or sulfate or halide of Ni, followed by ;caicining at 300 to 700 °C,*as described En Japanese 
Patent Laid-Open Publication No. 85506/1 973 J f v .^v*.' 

; t .Further.- there, have, been proposed the following processes: an olefin pBgomerizatiorr process using a catalyst 
vvheroin Ni 24 ; cation is introduced into silica • alumina by toeans of cation exchange, as described in Japanese Patent 
lafcJ-Ppen Publication No, 143830/1 ^85; and aC^ s d^ oligomerization process using a catalyst obtained by treating 
:a supported composition wherein an oxide of a transition rnfetal (M) selected frbnri S>li, Co, Crand Pcf is supported oh an 
acid oxide (e.g. f alumina, silica • alumina, zeolite/ diatbmaceous earth, silica • titania and silica %^gnssia), : with a hal- 
ogen-containing alkylaluminum compound, the atomic ratio of Al. derived from the aluminum compound to tEietraosition 
.metal M (MM) being 0.5 to 10, as described in Japanese Patent LaidyOpen Publication No. 15i 136/1986. > 

furthermore, there 4 are known other olefin oligomerization processes, such as a process u which a C4. 10 olefin- 
corrfainingrawmaterial isbroughfi^ 

by weight, a surface area of 50 to 600 ntfVg and a mean pore diameter of 10 to 1L0 A dialer the reacUbn cofidiaons of 

, a temperature of 150 to 400 ?G and apressure of 30 tb 100 kg/cn^-G, as described in Japanese Patent Publication No. 
434/1993; a process in which a 6^ 0 olef irvcontainind raw material is brought into contact with a catalyst having 0.1 to 
5.0, % by weight of a.rare earth metal suppqrted on amorphdus silica • klumiria, as described in Japanese Parent Pub- 

.1 lication No. £9412/1994; and a process in which a material containing a € 4 olefin of rionmal structure as ite main com- 
ponent is subjected to a reaction by tte use of a nickel oxid6 support type' catalyst obtained by impregnating 
silica - alumina, which has been preliminarily heat treated at not lower than 600 °C, with a nickel salt solution to allow 

. the silica • alumina to support 3 to 15 % by weight (in terms of Ni) of hid^ oxide, under the reiacSon conditions of a tem- 
perature of 50 to 200 °C, a pressure of 20 to 100 kg/cm^-Q and LhSV of 0.1 to 3.0 Ur\ to obtain a C 8 olefin having a 
degree of branching of not higher than 1 .5, as described in Japanese Patent Laid-Open Publication No. 287227/1 S94. - 
^ These conventional catalysts, however, are'not ahways satisfactdry in oligomerization of an olefin due to their poor 
selectivity of dimerization and iow activity, (n addition, when an olefin oligomer is used, for exampie. as materia for a 

-phthalic acid plasticizer to be blended with polymer such as polyvinyl chloride, the olefin oligomer is desired to have a 
low degree of branching, Le., few side cPiai nt The above conventional process, howevei, are not aiwaiys successful in 
obtaining a desired olefin oligomer having a sufficiently low degree of branching. * 

OBJECT OF THE INVENTION 

The present invention has been ; made in the ligto of the prior arts as mentioned above, and it is an object of the 
invention to provide an olefin oligomerization catalyst which is capable of causing oligomerization of a lower olefin with- 
prominently high activity and is excellent in selectivity of the degree of oligomerization such as dimerization, trimeriza- 
tion, tetramerization and pentamerization, and an olefin oligomerization catalyst which is further capable of obtaining 
with excellent selectivity an olefin oligomer having a low degree of branching which is useful as a material for a plasti- 
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cizer. It is? another object of the invention to provide a process for preparing the catalyst and an olefin oligomerization 
process using the catalyst. 

SUMMARY OF T HE INVENTION - - : • 

the olefin*..oligomerjiatiph catalyst accordingto the present invention comprises at least one oxide selected from 
alumina and silica •alurtiina having a iitete ion supported thereon. \, / 

. The olef ^oligpm^atiqh catalyst can 'be obtained by a process comprising the steps of bringing* a sutfuricacid 
aqueous solution or an ammonium sulfate aqueous solution into contact with at I^ast one compound selected ffbim alu- 
10 mina, silica • alumina and their precursors such as alumina hydrate, aluminum hydroxide and silica • alumina gel, and 
calcining at a temperature at which a sulfate ion is not decomposed. n , t - 

In the olefin oligomerization catalyst of the invention, a transition metal oxide 6r both of a transition metaTJooade and 
aluminum oxide are x further.supported on the alumina and/or the silica - alumina having the sulfate ion supported ther- 

eon. -I ■ n.nvf'-/ •; ■ - . r 

is : In the olefin pli^omeri^ipn catalyst of the invention,, it is^desired 'tfiit jhe sulfate ion is contained inari amount of 
0.3 to 60 % by weight, preferably 0.5 to 45 % by weight in temjs of SO* bas^'oh the total weight of file alumfhSa^or 
the silica •alumina andthe sulfateioq. . : , "j?...^ ' \. ** . * ' . ,1 ; . J . * ' 

in the olefin oligomerization catalyst wherein the transition met^l £>6de or both of the transition metal oxide and the 
aluminum Odde are.further supported in addition to the sulfate icft^ff is cfesPed that the transition ifietal oxide is con- 
20 stained in an amount of 0.1 to 40 % by weight "in terms 'cif a tah^^'^e^, based on the total weight of the i cafalyst, and 
; brides the sulfate ion is contained i^ ^ ' ;/ t \'J; 

vs- In the olefin oligomerization. catalyst wherein, the tian^bn'mi^farowde and the alurttinum oxide afb further sup- 
sported in addition, to the sulfate ion, it is desired that the alu^Qifr is contained ifran amount of 0.1 to" 20 % by 
weight in terms otalMminum, based on the total weight ol^ r c^jist ahd besides the sulfate idrvarid the transition 
25 :, £ metal oxide are contained in the albresaid amounts! _ . \ * ' ;i ' \l 

In the present invention, the transition metal oxide is at least' one compound selef^ed from iron oxide. riicKel oxide, 
_ cobalt oxide arij *ronriium oxide, part *'J ^~[\ •"! 

The processor preparing an plefin qligomerizatiqn rat^j^'a^rding to the pr^ehtliwintion'OTm^ 
ofjbringii^j a r suWuric acid aqueous solution or W^mp^m; sulfate aqueous solution intd contact v^fH at letet one 
30 compound selected from alumina, silica ralumina^^icf their 0^r^rs.su<^is ^urrfina h^^-aun^hufii^^oxlde 
and silica - ^n^ a tenperatui? # .whibhj a sulfate ioft is nof^ 

alMminaan^or lie silica -^umina * y ""^ V _ ' v ' ^ .j ; 

In the pres^iwentiqn^e olefin oligomercatio^ prepgu-«J by a ^p^pc^ ixrT^ising thesteps 

of bringing a sulfuric a^aqU»^ ^urous's^ into cohtect with at least one 

35 compqund pele^.froraaJumin^ silicau- dumiiia ar^ c^pm? i kt^tenrper^tLire at whidi a'siilfate ion^ 
»* is not decomposed, then longing the a|umina ; ancV9f jtfe silica • alumina WaVhig.the sulfate ion supported thereon into^ 
corrtaqt with a transition met^l corppourid capab(e c* beling ^nv^rted into an owde'by calcJihing or both of said ftansition 
>; m^cqn^u^ t an alulpiniim cqrr^i^d c^p^ble .0* feenp^rWfert^irito an i&de by calcining, and calciriiHg at a 
* temperaiureat which the sulfate ion is.nrt d^^hposed/ ^ f t J ^ £ * f . _ 1 ^ . ; f " / 

40. : Jn i the ol^in digomerization process according to the^pr^ert irW^6n; : ^ oligbmerizatiqn raw materia containing 
van olefin is subjected to an oligpmerization readion in. the prkehc^of tfie a^e^esciibed oiefm digomwizatibri cat- 

t TNs olefin is preferably at least an olefin of 2to .10cartwn^arns. ^ ; . 
- As the oligomerization raw material containing an olef hi,' a tow>ronih^fra<^n obtained in a petroleum refining ^proc- 
45 • ess or an ethylene plant can be employed. , ^" - * ~< \* 

v * In the present invention, the olefin is preferably 'subjected to an ofigome^ation reaction under the cbnditiorta of a 
.reaction temperature of 0 to 400 °C, a reaction pressure of d to fw^af^^^rtd liHSV (Liquitfrtourly Space velocity) 
of 0.1 to 50 hr*. v \ ' . , . ; fc '* I'V 

. Jn tfie invention, it is preferred that the olefin is subjected ^^*6ligpmerizaBon reaction so as to ctotain a oibstance 

so selected from gasoline, kerosine and gas oil. . .. V' ' oi- - % ^ - : 

BRIgF DESCRIP TION OF THg DRAWING f ^ , . .. . 

. Fig.. 1 is a view.shqywjing a relationship, between a content ,qf the ailfate ion in the alumina earner and a butiene con- 
55 versSon. - ^ m / ,~ . ' /. 
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DETAILED DESCRIPTION OF THE INVENTION ; " " r " ' : ' /'f \ " 

The olefin oligomerization catalyst, the process for preparing the catalyst and the olefin ligomerization process 
using the catalyst according to the invention wrill be described in detail hereinafter - 

Olefin oliaomerizatidn catalyst : : , '[ \ '-^f 'V 

Tlie olefin oligomerization catalyst according to the invention comprises ai least one ax&e" selected from alumina 
and silica • alumina having a sulfate ion supported thereon, and the sulfate ion is desirably contained in the catalyst in 
10 " ah amount of 0.3 to 60 % by weight, preferably 6.5 to 45 % by weight, in terms of 80 4 , based on the total weight of the 
klurriina and/or the siiilca - alumina and the sulfate ion. ■■ 

Ttie r oiefih oligomerization catalyst can be obtained by a' process comprising the steps of bringing a sulfuric acid 
aqutepus solution or ain ammonium sulfate aqueous solution into contact with at least one compound selected from alu- 
\~ mna, silica •alumina and .their precursors such as alumina hydrate, aluminum Hydroxide andsilica- alumina gel; and 
75 calcining at a temperature at which a sulfate ion is nut decomposed. ' . ' 

lathe olefin oligomerization catalyst of the invention, the sulfate ion is supported on the alumina and/or thfc slilica- 
\ • alumina asi described above, so that an olefin can undergo oligomerization with high activity. For reference, a catalyst 
: wherein a metal sulfate such as cobalt sulfate or magnesium sulfate is supported on alumina or silica * alumina (afore- 
said JP-3G044/1975 and JP-85506/1973) only dibits lew acuity iri j^e olei'm ' „ 
20 v Thus, the catalyst of the invention i wherein the sulfate ioin is supported on aiumina and/or silica -alumina shows • 
ptfbmipentiy high acttfrtyln the olefin oligomerizapm'pioce^, conventional catalysts wherein the metai sulfate 
is supported oh alumina or silica -alumina sh^ only lo^ activity, as ic apparent from the later-described ihvfciition 
1 examples and cbmparative exas hples. That is, the actiuh and effect of the olefin oligomerization catalyst of the invention 
' 1 are funcfamertaiiy different from those of the cbnveniiohai 'Catalysts due to their morphological (structural) difference. 
25 As for the olefin ollgornerizatioh catalyst of the invention! it is presumed thai when the sulfaie ion is supported on the 
alumina or the silica • alumina, the sulfate ion is generated in the form of a bidentate iigano which is linked to the AI atom, 
prfeent oh the surface of the alumina or the afica /'alumina to form an extremely strong acid site, so thatthe olefin oli- 
v 1 gdnlerizktiori catalyst of the invention exhibits high Activity, though the reason is not clear. ■ * » 

There is no specif ic limitation on the olefin oligohierkation catalyst o^ the invention; so long as a sulfate iori per se 
30 (not a meital sulfate) isstippofteclbn the aiumina ajid/oi the'silica •aiumina. The alumina and/or thi silica • alumina'hav- 
ing the sulfate 'ion supported tnereon may be used aner diluted with substances inert to uie reactidi i or other inorganic 
: oxides. Further, other elements may be added to the alumina arid/or the silica • alumina having the sulfate ion supported 
/ therebn to use. 1 : m . . . , / . 

In this present invention, also preferred is an olefin oiigomerizadon cataiystwherein a ^ transitioivmetal oxide or both 
35 of a transition metal oxide and aluminum oxide are ^urthei supported on tire alumina ard/6r the silica • alumina having 
Jthe Sulfate Ion supported thereon; : ' : f ' " ' 7 \ ' 

The transition metal oxide is Si lekst one metal oxide selected from "iron bxidei nickel oxide, cobalt oxide arid cfiro- 
; mium oxide. ' ■' : "[ ' * r ' J ' : 

. 5 ^ Of these, nickel oxide, ctfbSIt oxide or Womium owde is prefened, and nickel oxide is particularly preferred. 
40 ' TTie transition metal oxide is durably supported iri an amount of 0:1 to 40 % by weight, preferably 1 to 30 % by 
1 weight, in terms of a toiansition metal; ba'sed onti 

The aluminum oxide is desirably supported in an aniount of 0: 'i to 20 % by weight, preferably C.3 to 1 5 % by weight, 
in terms of aluminum, based on the total weight of the catalyst ; 

'in thelblefin oligomerization catalyst Wherein the transition meteii oxide or both of the transition metal oxide and the 
45 aluminum Oxide are supported, it to desired tnai Uie transition metal oxide, tie aluminum oxide and the sulfate ion are 
- supported in the aforesaid amounte, r^^tively. ' ^ 

By the use of the olefin oligomerization catalyst of the invention wherein the sulfate ion is supported on the alumina 
and/or the silica • alumina, an olefin can undergo oligomerization with high activity as mentioned above, and oligomers 
of high value added, such as a dimer, a trimer, a tetramer and a pentamer of olefin, can be prepared in high yields. 
so The olefin oligomerization catalyst wherein the transition metal oxide is further supported on the alumina and/or the 
silica • durnina in addition to the sulfation srt^ olefin oligomerization process, and ah oligomer 

having few side chains, namely^a lowciegtee of braniching can be selectively prepared. 

The olefin oligomerization catalyst whereinlio^'oFthe transition metal oxide and' the aluminum oxide are further 
supported in addition to the siiifate ion is mucfi more Fmpibved in the selectivity of the low degree of brancning, and par- 
55 ticularly, an oligomerization reaction at a high temperature can be carried 4Ht with axcelte: it selectivity of the low degree 
of branching. ' ■ • ' ' / " - " ! ••' / * * 7 " v " l " 

The ^errh "degree ^branching" as used herein means a fiumter of the chain hydrocarbon groups (methyl, %thyl) 
branched from the main hydrocarbon chain of the a-o!efin "structure.* Tor exarriple s . iri''th6 case T 6f an olefin^ B carbon 
atoms (i.e., dimer of butene), normal octene has a degree of branching of 0, methylheptene has that of 1 , dimethylhex- 
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ene has that of 2, and trimethylpentene has that of 3. The term "average degree ^ranching" as used, herein means 
an average value of the degrees of branching of the mixed olefins. : ' ' 

Process for preparing olefin olioomerization catalyst t ^ . ,. ( ,.\ ^ '* t 

s 

In the present invention, there is no specific limitation on the process for preparing the olefin oligomerization cata- 
lyst comprising alumina and/or silica • alumina having a sulfate ion supported thereorCso long as the sulfate Ion per se 
can be suppprted : pn the adunrti . - 

However; ft is ^fferr^d [that the olefin oligom8iization catalyst is prepared byja process comprising th§,steps of 

10 , bringing ,a sulfuric arid aqueous solution or an ammonium sulfate aqueous solution into contact with at least one corn-, 
pound selected from alumina,* silica • alumina and their precursors such as^tfmina hydrate, ^umihum.h^roxtde and 
, silica,- alumina gel, ancj calcining at £ a temperature at which the sulfate ion is not decomposers describ.ed"before. In 
morei d^aU, the catalyst of the.present invention can be prepared by a process qrimpising the steps* of ; ^^ng the alu- 
mina a^qr^VsOi^^unrd .sulfuric acid aqueous OT[uti6h r 6r^,OTmOTMnri ^fate.a(^OTUS ( S0lufion by 

75 means of innipregnation, immersion, kneading or the li^so.as to a\\pw *fh? alumina anq/orittie silic^.%aluntiria^tb support 
the sjulfate ion, followed by dicing ^ calcining,. - 

The caidning temperature is in the rango^of 30p to 800 °C, prderably 400 to. £00 °£ As the^alumina or the silica- 
valumina, commercially.avanable ones are empbyable. >Muminum hydrate, aluminum hydroxide pr a silica - alumina gel 
is also employable by treating it with the sulfuric add aqueous solution or the ammonium sulfate aqueous solution. 

20 , ^The catalyst wherein ^ tiie. transition metal pxidels ^rtbe^s^^rted J c^n be prepared by bringing the alumina ahd/or f 
the silica • alumina, on which the sulfate ipn ispreiiminarfty supported, Into contact with a transition metal oxid^-fc^n^ng 
, material, La, a compound capable of being converted jnto.a,transitipn metal cxide by caldning.pr decomposition in an 
inert gas such as nitrogen or in air. E^nrplbs of the traui^^ma^ oxiderfbrming materials'. include inorganic salts 
such as nitrates, carbonates "and haiidos of transition metals/organic salts such gs oxalates ajtd acetates of transition 

25 , metals, and ammonia complex salts Examples ottfie iaiumtyum oxide-forming materials. ihclucj&alunrunum nitrate, alu-_ 
mimm sulfate .and alu w^ { p ( ., ( .^.. . ; _ ^ .... . ... , 

For allowing the alumina and/or silica • aiumina|i^g .the sulfate ion supported support the transition 

metal oxide or both of the transition metal pxide and IJijb f ilujrtnum J OMde, the t alumin^^9r silica • alumina containing 
the sulfate Jon \% treated with the m^lfc ^ aq^ solutioh Wrving as 

30 the transition ; ^e^<>^e^br^ solutipn^e^rffl^^Jtfie aluminum 6xide;fqrm- : . 

- ing material by amethpd ^wertiohaHy used for,the'(^taly^ prfF«^o n . su*,a|{^ do-depo- 
v- sition, deposition oKimea^ng, and then the thus t^ arxJ c^ot this, method, 

the calcining temperature is a temperature at which the trarWitibri metal oxide-tfrmirig material is decomposed in an 
, inert gas or alt to produce a t^^itipn nietal ox^^ and A is in the range of ^i^ly t 300^tp.8OO °C, preferably 400 to 700 

35 °C. The tj^itiorr metal (Wide gnd the'alurninurn oi^ pn the alumina and/or.s;i|ica- 

• alumina having the sulfate ion supported thereon, br'the aluminum oxide may be supported before or after.the transi- 
tion rnet^ oxide is supported. Howeyer, the sjmytteneoMS supporting is .economically advantageous. The morphology 
of the^aluminum oxide thus supported on the alumina and/or silica •alumina having the sulfate ion supported thereon 
is not dear r bi& it is presumed that the aluminum oxide serves to stabifize oxidation state of the transition metal, the 

40 catalyst wherein the transition metal oxide and the aluminum oxide are furtoer supported on the alumina and/pr the sil- 
ica • alumina in addition to the sulfate ion may be used after diluted with sitetances ineft to the reaction or other inor- 
ganic oxides, or other ingredients pray be added to the catel^tou^. )vr : ■(.-.--. ^ • 

It is preferred that the catalyst wherein the sulfate ion is supported on the alumina and/or the silica ; alumina and 
the catalyst wherein the transition metal oxide and the aluminum oxide are further supported on the alumina and/or th 

45 . silica • alumina in addition to the sulfate ion are dried under heating jn an inert gas before they are.used fbr.th^ olefin 
oligomerization reaction. The catalyst is appropriately used in the form of a powder or a molded product in accordance 
with the reaction type. ; * . ; ; * . 
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Olef jn olioomerization process : ..j.z.;>o>^ 



In the olefin olig merizatiprvprpcess according to the^i^ 
is subjected to an oHgomerizatipn reaction in the pres«ice of ; the olefin^ oligomerization catalyst described above. k 
The olefin is preferably at least ^an olef in of 2 to p carbon atoms.. , ,\ . -, :{( . 

In the present invention, one kind of an olefin nray be^ubjected to an ofigomerimtion/j^irtpn two or more kinds 
55 of olefins may be subjected to the reaction. ; f ;vr„ : r i ^/r. * 

The olefin used herein is, for example, a low-boiling fraction obtained in a petroleum refining process or an ethylene 
plant. Specifically, an olgin fraction produced jn a FCC app^atf^.orvan olefin fraction produced.in an.ethylene cracker 
. cracokercan to employed These frartons^ ; , r - ^, f r . - . 
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In the present invention, only an olefin may be used as the oligomerization raw materiel containing an olefin, but it 
is preferred that the olefin is diluted with an inert substance such as saturated hydrocarbon, because the temperature 
rise caused by heat of reaction can be suppressed. - t . 

The. olefin oligomerization of the inventioh. may .belcamed out in accordance with any reaction systems such as 
5 batchwise system, fixed bed system and fluidized bed system. 

The reaction temperature varies depending oh the reactivity of the. olefin, but it is in the range of usually 0 to 400 

°C, preferably 0 to 300 "C. — ... * 

According to the invention, a higher olefin conversion can be realized at a relatively low temperature as compared 
with the case of using the conventional catalysts. The reactioncari be carried out at atmospheric pressure or under 
io pressure by any of a liquid phase process and a gas phase process. For example, when an olefin of 3 to 4 carbon atoms 
is mainly used, it is preferred that the reaction temperature is in the' range of 0 to 300 °C and the reaction pressure is in 
the range of 5 to 100 kg/crrr^-Q. The contact time is in the range of 0.1' to 50 hr 1 . preferably 0.1 to 15 hr 1 . in terms of 

LHSV 

In the invention, by conducting oligomerization of an olefin, an oligomer of high value added, such as gasoline, ker- 

15 osine or gas oil, can be obtained in a high yield. 

Further, in the invention, an olefin oligomer having « low degree of branching which is useful as a material of a plas- 
tfcizer. ; can be obtained with excellent selectivity of the low degree of branchirx|. 
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EFFECT QF THE INVENTION . . . . .. ... . . . . . . 

According to the catalyst of the inverrtion;aJuriiiha:orsiiica -aiumina which is a stable and inexpensive solid acid is 
lused as a carrier, so that the production cost is low. Further, the sulfate ion supported on the alumina or the silica • alu- 
mina Wstabty preseht. so that a problem of apparatus corrosion or separation does not take place. Moreover, when the 
'catalyst is used h an olief in blirjomerization process, the equipment cost and the operatioi v cost can be decreased, and 
25 an oligomer of high value ariiiaJ can be selectively obtained in a high yield due to the catalyst having prominently high 
activity Bv the use of the caiaivst wherein a transition metal oxide such as nickel oxide is further supported cn the alu- 
imina or the silica •alumina inaddrtion to the sulfate ioKaiolefihliavihg a low degree of branching can be selectively 
obtained in a high yield , , ' . v ' 

so EXAMPLE ' ' i - ' -•' - 

The present. invention will be further described with reference to the following examples, but it should be construed 
, that the invention is in no way limited to those examples. 1 

35 Catalyst Preparation Example 1 

IT- ^ A siilfuric acid (special g-ad° chemical, > 96 %, ayaiabfetcWi Vifako Pure Chernical Industries. Lid.) was diluted 
■ ytrtt- distilled water to give a sutfuric.ac!d aqueous solution having a concentration of 14:6 g/100 ml. Then, a commer- 
>■■ drily available alumina carrier 1fk^SSZ',r^¥h> avalable'frpm Mitsubisiii Chemical industries. Ltd.) was impregnated 
40 with es rn' of tho sulfur acid aqueous solution per 100 g of the carrier/The quantity of the impregnation solution cor- 
v vrospcrided to a water absorption of t>ie ajumiria carrier. After the impregnation, the thus treated aluntra earner was 
dried at 110 °C overnight rnd calcined at 500 °C for 3 hours in an air stream, to obtain an alunfiina catalyst A wherein 
a sulfate ion was supported: The content of . the sulfate ion in the catalyst measured by Leco method (using a Sulfur 
Analyzer SC-132-produced by Leco CbrporatjoijVwas 3.1 % by weight in terms of S and 9.3 % by weight in terms of 
45, , S0 4 Then.- the above procedure was.repeated except thatthe concentration of the sulfuric acid aqueous solution was- 
' varied, to prepare catalyst B {9^jMfi0^m^$ii^ weight in terms 0T8O4), catalyst. C (sulfate ion content: 41 .7 
v %-by weight in torrcs of SO4) and. cartaiyst D (su^tori jjontejifc 6.6 % by walghtln terms of SOtf . 



Examples 1 - 4. Compara tive Example 1 



50 



55 



A fixed bed flow type reactor having an inner diameter of 1 6 mm was charged with 60 rrd of catalyst A. To th reac- 
tor $C* olef in-containing material having a composition shown in Table 1 was fed, to perform oligomerization reaction 
under the conditions of .a reaction pressure of 56 Kg/chfG. LHSV of 1 .6 hr 1 and a temperature shown in labia 2. Sim- 
ilarly, a^.oiigomerization reaction was c^ried. out byf the use of catalyst B. catalyst C. catalyst D or untreated alumina 
containing no 'sulfate^ori under the terrperator.e:«)nditions shown in Table 2. The results obtained after 24 hows from 
,the initiation of the^ ' 
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Table 1 



Propane 


0.5% by weight* 


i-Butane . 


.40.0%. by weight 


" n-Butane 


12.0% by weight 


i-Butene, 


3.0% by weight 


1-Buiene 


7. 0 % by weight 


. 2-Butene 


37.5% by weight 



table 2 





' 'Example " ' 1,r 


Comp.* 
Example 




1 


2 


3 


4 " 


"1 


Catalyst 


A 




c 


D 




Carrier ' , • 


Alumina. 


.,-.„•«. s Alumina .. 


Aluntina.'' 


Alumina 


Alumina 


^Content of S0 4 (wt%) ' 


9.3 


15i3 


• • 41.7 < 


v t0.6 h' 




: Reaction Temperature (°,C) • 


100.. 


17 




. irjoV 


150. 


' "ido;; 


100 


100 

•.. t- \ . 


" Butene conversion (%) : 


93 


"58 


79 


97 


100 • 


. .57 ., i 


- 53 


... t 


Selectivity of dimer (%) 


37 


79 


69 


30 


20 


75 


' 77 




Selectivity of trimer and tetramer (%) 


53 


20 


30 


60 


64 


23 


21 




: YieU,of cKmer (%) . 


34 

\; ■•••> • 


46 


55 


29 


20. 

' r ' ( \ 


43 


41 




Yield of trimer and tetramer (%) 


49 


16.: 


'24' 


.58 


64. : 


v,.V.13 : 


,11 





r Rg. 1 graphically shows,the test results obtained at 100 °C among those shown in Table 2. In this figure, the content 
of the sulfate ion in the catalyst [weight of sulfcrte ton (w'tf ghtof alumin^ i Slight of sulfate ion) x 100 (%)J is plotted 
as ordinate and the butene conversion is plotted < as absos^ As is evideht frdm'table 2and Rg. 1 , by introducingonly 
6.6.% of the sulfate ion.(Examp!e 4), the butene donversibh Abruptly inqe^ed uji to 53 % from 0 % as comp^ed-with 
the alumina containing no sulfate ion (Cpmp^tiye ^T^le i : symbol In Fig. 1). RjrtHer, the butehfe conversion 
became not less than 50% when the cortent of the sulfate Jon wtfl/i ffief ^ge of 0.5 to 45 % by weight, and it became 
rertle^than80%v^en^ - 

Even after the reaction was continued for about 400 hours at [a r*eabfon temperature^! 150 °C (Example 2), no 
decrease pf activity was observed and the content of the sulfate Jon in the catalyst was the same as before the reaction. 
According to the inyentipn, as is evidept from Table 2, the butene coriviersibn is high even at a low temperature ami an 
oligomer can be sdectively'obtained in a High yield. Further,. a cJjrner; i:e ; ; gasoline fractiort, isund & trimer or a tetramer, 
i.a, kerosine fraction or gas oil fraction, can be selectively obtdfo&i iriJiigh yields by corfrollirig thefeSfction tenrfcera- 
ture. Moreover, there is no problem of apparatus corrosion because the sulfate ion supported is stably present. 

Catalyst Prsparstfi nE*OT?1e2 . -v.-; vr^ir ^ , , _, ftl ... . 

An iron oxide carrier (N-ID& available from Nissan Qi&er;^ owde ram^fN- from NikW 

Chemical Co.. Ltd.), a silica canierXN^02 t avrilable'fib^.^^ 

available from Catalysts & ChemicJs industries po., : L&^ with a sulfc/ric ati'dacjuedus'sdution 

having a concentration of 1 5 % by weight in terms of SO,, : %n dhM^^dnfaajn a manner r stfmifar tothat of Catalyst 
Proration Example 1, to obtain catalyst E, catalyst F, catalyst G and catalyst each having a sulfate ion content 
shown in Table 3. 



# 
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Example 5. Comparative Examples 2 - 5 



An oligomerization reaction was carried out in a manner similar to that of Example 1 by-the use of catalyst E (Com- 
parative Example 2), catalyst F,(Conrparative Example 3), catalyst G (Comparative Example 4), catalyst H (Example 5) 
or untreated silica alumina containing no sulfate ion (Comparative Example 5) under the temperature conditions shown 
in Table 3. The results obtained after 24 hours from the initiation of the reaction are set forth in Table 3. 



Table 3 



15 



20 



25 





s. Comparative Example " 


, Example 


Comp. Exam. 




2 

L 




'"" 4 


., ' '.5 _ V ■ 


5 




Catalyst 


: E 


F 


Q 


H ' 




Carrier 


iron oxide 


Zinc oxide 


Silica ; 


Silica alumina 


Silica alumina 


Content of S0 4 (wt%) 


16.2 


8.1 


2.1 


15.3 




Reaction Temperature* (°C) 


- 100 : 


100 . , 


100 


50, 


100- ■ 


100 


Butene conversion (%) 


15 


7 


0 


50 


89 


36 


Selectivity of dimer (%) 


78 






76 


39 


91 


Selectivity of trimer and tetramer (%) 


22 


9 




22 


54 


7 


Yield of dimer (%) 


12 


6 




38 


35" 


33 " 


Yield of trimer and tetfafner (%) 


■• 3 : 






11 


48 - : 


3 . 



i. .r 



- ! . , As is evident from Table 3!the buteMfie conversion was Sow even when Hie catalyst wherein the sulfate ion wassup- 
^ported on iron oxide, zinc oxide or silica was used. However, by the use of the cataiysi wherein the'suHate ion was sup- 
30 Iported ^n the silica al^ an&ihe; yield of trimer and tetiam* were obviously improved, 

v Further, the silica- alumina havinc the sulfate ion suppprted thereon showed high activity even at a tow teinperaiure. 

. Examples 6 and 7 . CorTOaraHve_E^mp|fi6" , . y * . , ! V / ■ - 

; ? An origomerizgSori reacAipn carried put in a ma^n^^milar to i that of Example 1 using oataysl B ai d catalyst 
f kand using a.C 8 olefin-contaihing hratehei having a c^mpositipn shbwn in Table 4 tinder the conditions of a reaction 
pressure Lof 70 K^rn 2 ^, LHSV of 2.0 hr 1 ; The r^uits ortoihesd after £4 hours from the initiation of the reaction aro.set 
forth in Table 5 in which the results bbtairied r by thViise of the silicisi • aiuriiina compiling no' sulfate ion (Ccmparatrve 
Example 6) are also set forth. By introducing the sulfate ionfa high defene conversion and a high yield C. trimer and 
40 tetramer were obtained at a relatively tow temperature. , 



35 



45 



Table 4 



■ i-Oc*ah'9r 


70.0 % by weight 


1-Octene 


30.0% by weight 



50 



55 
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Table 5 





Example 


. Comparative 


r. - 










* '' ■ 




6 


• 7.. 






Catalyst 


B 


H 






WCtl 1 ICI 


Alumina 


Silica alumina 


Silica alumina 




Co«^^ 4 (vrt%) 


15.3 : 


15.3 






Reaction Temperature ( a C) 


• 150 


180 


200 




1 -octehe conversion (%) 


70 


" 53i 


41 


T f 


Selectivity 6f dimes- (<£) 


: 63 i - 


'-'.72' 


65 




Selectivity of trimer (%) 


- 27f 


"21 . 


25 J 




Yield of dimfer and trimer (%) 


63, 


'•„*';" *47 ~ ' 

f 







Catalyst Preparation Example 3 . ^ ^ . 

A sulfuric acid (special grade chemical, * 96 %, available from Wakb Pure .Chc^cal ln^stries, Ud.) was diluted 
with distilled water to give a sulfuric acid aqueous solution having a-ebneentratiorvof 41 i .2 g/100ml. Then, a commer- 
cially available alumina carrier (DC-2282, r AI2O3. available from Mitsubishi Chemical Corporation) was impregnated 
with 66 ml of the ( suKuric.acid aqueous solution per 100 g pf the carrier. The quantity of the impregnatipn solution cor- 
responded to.a water absorption of the alumina c^eV$t^ artier. was 

-dried al l 10 °C overnight and calcined at 500 °C for 3 fioufe in cui air stream, to <^(n\^lfate ioriHX>nt£UhihjB _e^_mfna 
carrier (sulfate ion content: 6.9 i % by,^ ioh-<#rita^ was'furtter 

impregnated with a nickel nitrate aqueous ^lutionl^eri dri^ ^rid calcined aPsob °C for 3 Hours lit ah air stream, to 
prepare catalyst I wherein NiO was supported in an amount of 1 0 % by weight in terms of Ni, based on the total weight 
of the catalyst (weight of sulfate ion-containing alumina + weight of nickel oxkieJ^stiHat&Hoh content based on total 
weight of catelyst after supporting „gf nickel oxide: 6.0 % by weight in terms of SO4). Sinularly, catalyst J wherein nickel 

. oxide^was further supported afler sii^ on ? silica^a|u from Cata- 1 

lyste & Chemicals industries Co.,Ud.j, catalyst' K wherein piclsel oxide was sin^rt)ki;qh untreated alumina containing 
no sulfate Jon (DC-2282; available from Mitsujii^ axide'Was sup- 

ported ontintreated silica ralumina containing no su^ // / u ; \ 

Examples 8 and 9. Compara tive Examples 7 and 8 

A fixed bed flow type reactor having an inner diameter of 16 mm was charged with 1 0 ml of catalyst I, J, K or L To 
the reactor, ethylene was fed at a feed rate of 3,000 ml/hr to perform eligomerization reaction at a reaction temperature 
of 200 °C and at atmosphere The results obtained after 5 hqurs^fronnithe initiation of the reaction are set forth in Table 6. 
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Table 6 



10 



15 



20 



; . I ... j ; Example 


Comparative example 


f 


. . 8 r J 


9 


7 


8 


Catalyst ~ 


I . 


J 


K 




Carrier 


Alumina. 


Silica alumina 


Alumina 


Silica alumina 


Contentof S0 4 (%) *1 ... 


6.9 


6.9 






Content of S0 4 based on total 
amcuntof catalyst (%) *2 ~ ... 


6.0 


6.0 ' 






Amount of Mi supported (%). . 


. 10 


10 


10 




Reaction temperature (°C) . 


200 _ 


?oo 


200 


^ 200 f 


Ethylene conversion (%) 


,53 . 


38 


0.5 


3 


Selectivity of n-butene (%) . 


86\ 


: — , — ■ 




i_ : — : 



Remarks - . ' . v ..-.. ... . 

*1 : weight of sulfate ion -r (weight of carrier + weigh* of sulfele ion) x 100 (%) 

*2: weight of sulfate ion + (weight of carrier + weight of sulfate ion + weight of nickel oxide) x 1 00 (%) 



25 As is evident from Table 6, the catalysts I and J wherein nickel oxide was supported on the sulfate ion-containing 
alumina and the sulfate ioh^contasnjng silica • alumina, respectively, were superior in both the ethylene conversion and 
f l^aselc^vrty pTn^eneto^lysts K and L wherein the nickel oxide was supported on the ium;na containing no 
r stifete ion "and the silica *a^ V . i 

30 " Examples 10 and 1 1 . (^rroa rative Examples 9 ahd TO ' ! . ' 

A fixed bed flow type reactor having an inner diameter of 1 6 mm was charged with 60 ml of each catalyst having a 
conposition shown in Table 7. To the reactor, a propane-propylene mixed material certain^ 79.7 ^ c; weight of pro- 
- pylene was fed to perform oligomerization reaction under the conditions of a reaction pressure of 60 kg/crtf-G and 
■LHSV of 1.0 fir 1 . "Pie results obtained after 24 hours from the initiation of the reaction are set torth in Tablfc 7. 
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Table. 7 





~ Example — 


- Comparative example 


" "< ; '" ; ~, 


10 - 


■ - 11 - 


. 9 ... 


. 10 


Catalyst""™; ; :\ 




J 


K 


L 


.Canrtisr^.'y*^™;::';" ■ ; ... • 


Alumina- 


Silica alumina 


Alumina • 


: Silica alumina 


Coritenf of S0 4 (%) *1 ~ ' 


-6.9 




- - ■ . 




Content ' of SO4 based on total 
amount of catalyst (%) *2 


6.0 








Amount of Ni supported (%) 




10 - --■ 

f i y • 


10 — 


10 - . 


Heacfibri temperature (°C) " 


- 50; ~ ■ 


. . 10 o - - 


.50 ... 


..too ~_. 


Propylene conversibif (%) '~ * \ 


83i - 


r ' 


- -0.6 - 


' - '.'45.- 


'Selectivity of C 6 * olefin {%) ~" 


76 






19- 


Selectivity of Cg olefin (%) " ; 


17 " 


--14— •■; 




-36 • 


Average degree of branching of 6$ 
olefin* "* - v - 


-0.61V f 


ri. :i0.86i- 


">'■> -> -i 


1.44 



*1 and *2: See remarks of Table 6. 



As is evident from Table7. catalysts I aqd J v^ere^n W<^;^ci;was suppprt^'bn^^^ lon-cohteihin^ alu- 
mina and the sulfate ion-containing silica • alumina, ii^j^^^ A ^l^su(^m in fa^^pr^ 
the selectivity of C 6 olefin to catalysts K and L wherein the MM oxide was 6up^rt^'6h : 1he'ltfumto containing no 
30 sulfate ion or the silica •alumina containing no sulfate ion, r^ectiyely. Further, a C 6 olefin having a low degree of 
branching was obtained by the use of catalyst I or J. ^ z '* : - J • - - 

^-Catai^Pr^iation^mple4 .. ; _ . ivW . ::i : ^ — tf -. v Y 

35 Th& alumina ^rrier contajning 6.9 % by ^ weight of fre^ulfjite ion, whfch Preparation 
Example 3, was impregnated with a nickel nitrate aqueous solufiori in thl s^I'mahher as in Catalyst Preparation^ 
Example 3 except for varying the concentration of the nickel nitrate aqueous solution, then dried and calcined, to obtain 
catalysts M and N wherein nickel oxide was supported. Separately, the alumina carrier containing 6.9 % by weight of 
the sulfate ion was pulverized into grains of 100 mesh under and then introduced into a nickel nitrate aqueous solution 

40 having a concentration of 1 mol/I. To the resulting mixture was dropwise added an ammonium carbonate aqueous solu- 
tion having a concentration of 1 mol/l with stirring at 35 °C, to adjust pH of the mixture to 7. The mixture was then f fl- * 
tered, dried and calcined at 500 °C for 3 hr, to prepare catalyst O wherein NiO was supported in an amount of 25 % by 
weight in terms of Ni. Further, the alumina carrier containing 6.9 % by weight of the sulfate ion was impregnated with a 
mixture of a nickel nitrate aqueous solution and an aluminum nitrate aqueous solution, then dried and calcined at 500 

45 °C for 3 hours in air, to prepare a catalyst P wherein NiO was supported in an amount of 8 % by weight in terms of Ni 
and aluminum oxide was supported in an amount of 3 % by weight in terms of Al. 

Examples 12-17. Comparative Examples 11 and 12 

so A fixed bed flow type reactor was charged with 60 ml of catalyst I, M, N, O, P, L or K in a manner similar to that of 
Example 10. To the reactor, a C 4 fraction mat rial containing a C 4 olefin of a composition shown in Table 8 was fed, to' 
perform butene oligomerization reaction under the conditions of a reaction pressure of 50 kg/cn^-G and LHSV of 1 .0 
hr* 1 . The results obtained after 24 h urs from the initiation of the reaction are set forth in Tables 9 and 10. 
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w 



i-Butane . 


.40.0,% by weight 


n-Butane 


12.0 % by weight 


i-Butene . 


0.5% by weight 


1-Rutene | 7.0% by weighty 


2-Buteoa j„ 40.5 % by weight 



* ' 1 Mt 



15 



20 



25 



30 , 



Tables, 



35 





- — - Example 








12 




14 


- 15 


Catalyst : ^ . f 




M 


- N 


. .0 


Carrier 


Alumina 


Alumina 


Alumina 


Alumina 


Content of S0 4 (%)*1 




6.9 




6.9 


6.9 ' 


6.9 


Content of S0 4 based on total amount of catalyst 




6.0 




6.5 


6.9 


3.2 


(%) *2 














Amount of Ni supported (%) 


10 


5 


1.0 


25 


Reaction tempafatureytfC} > - jo v ; 




100 


150 


50 


, 50 


100 


Birterie cowersibrV t * r; 1 - ; 




72 


C5 


72, >, 


74 


58- t 


r Selectivity of G 8 olefin (%) <:v: ... ^ . c 


82 

■> .. 


79 


80 


81 


78 


78 


Average degree cf b^aj^is^bl Cg olefiri : / 


*14 


J. 94 


Tit" 


™7.lT~ 




, 1.14. 


*1 and^:Seerepia!kspfJ^6, . , 















40*: 



45; 



50 
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TaWe.10 



i * - 


- Example . 


Comp. Example 




- 16 - 


17 


11 


12 


Catalyst 


- P - - 


J 


K 


L 


Carrier 


Alumina 


Silica alumina 


Alumina 


Silica alumina 


Content of S0 4 (%)*1 


6.9 


- 6.9 






Content of S0 4 based on total amount of 
catalyst (%)*2 


5.4 


6.0 







Amount of Ni supported (%) 


8 


10 


10 


10 


Amount of Al supported (%) 


3 








Reaction temperature (°C) . _ 




'150 


J75 


100 


100 


100 


Dutene conversion. (%) ... 


Jt 


,64 


61 


75 


1 


61 


-~ Selectivity of C 8 olefin (%) „ . 


80 , 


- J51_ 


79 


80 




70 


* Av*nage degree of branching of C 8 olefin^ 


. 1,04 . 


1.04_ 


1.19 


1.17 




1.71 \ 



•i ipmAffcsof Table 6. { ; o . . ; 

: -j *^/t! oi uittate ton * (weight of carrier + weight of suftalelSn^ weight of nickel oxide + weight etf aluminium oxide) x 1 00 . 




-The catalyst of the invention wherein nij^l.oxkie was supported on the sulfate iotvcbritaining alunrtiha or silica • a- 
: :! 30 tLvrh^a carrier had a higher butene conversion as coftipared wttMhe catalyst whicfi was dimfna or slica • alurninax^n- 

tainffjg no sulfate ionjand >~C 8 dlef&i having a lowdggrfce of branching was^lectively^aine^ catalyst -v 

j the invention shenwedaiugh-butene (inversion Jven artajowte of 

1 branching was selectively obtained. • Furthermore, ft was confirmed that theidegree .icrf b^an*|hg v qf the C"s dlef in' was 
4 d iecreased particufarly In the ofigomerization reaction M 4 higfttemperature by the use-off the<«talyst obtained by alfow- 
35 ing the sulfate ion-containing carrier to further support aluminum oxide in addifonlo tHe nickel oxide. - 

Example 18 

: i An alumina hydrate was prepared by neutralization reaction of a socGum aluminate and aluminum sulfate in accord- 

| 40 ance with a method descrfoed in "Catalyst Preparation Chemistry" p. 207, by Ozaki, et al., published by Kodansha, 

j 1980. To the amorphous and pseudo-boehmite alumina hydrate powder obtained by drying the alumina hydrate at 110 

°C was dropwise added a sulfuric acid aqueous solution. Then, the mixture was kneaded, then adjusted in its wat r 
content and extrusion molded. The molded product was dried at 1 1 0 °C overnight by means of a dryer and calcined at 
j 550 °C for 3 hours in an air stream, to obtain a sulfate ion-containing ^-alumina carrier. The content of the sulfate ion in 

I 45 the alumina was 8.4 % by weight in terms of S0 4 . The sulfate ion-containing alumina carrier was impregnated with a 

| nickel nitrate aqueous solution in a manner similar to that in the preparation of catalyst I, then dried at 1 10 °C and cal- 

cined at 500 °C for 3 hours in an air stream, to obtain a catalyst wherein NiO was supported in an amount of 1 0 % by 
weight in terms of Ni (sulfate ion content based on total weight of catalyst after supporting of nickel oxide: 7.2 % by 
:;h weight in terms of S0 4 ). Then, a butene oligomerization reaction was carried out under the same conditions as in 

so Examples 1 2. The results are set forth in Table 11. 
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Table 11 



Reaction temperature . 
Butene conversion 
Selectivity of C 8 olefin 
Average degree of branching of Cs olefin 




Conroarat ive_Exama!gJ3, . ■ - . - -.. 

>5 An 'afcmis» carrier was a nickel niti^.acjiieous.Bolutiori and a abaft subaque- 

ous solution, then calcined at 500 'C for 3 hours in an air stream arid allowed to stand at the same temperature for 2 
hours in an nitrogen stream, to obtain a catalyst The content of Nip in the catalyst was 1 .6 % by weight in terms of Ni. 
and the content of C0SO4 in the catalyst was 9.5 % by weight. Using a material containing a C 4 olefin of a composition 
shown in Table 8. an oligomerization reaction was carried out under the same conditions as in Exampje 12. The results 

so are set forthvin Table 12. the thus obtained catalyst having the metal sulfate of the sulfate group supported on the car- 
rier (conventional catalyst wherein cobalt sulfate was supported on alumina carrier, prepared by methods of Japanese 
Patent Publication No 30044/1975 and Japanese Patent Laid-ppen Publication No. 85506/1973) had an extremely 
lower butene conversion, as compared with the catalysts of the invention wherein the sulfate ion par se (not Uw metal 
sulfate) was supported on alumina (Examples 12 to 16 in Tables 9 and 10). Further, the average degree of branching 

25 of.*e resulting C 8 olefin was, very high. : 1 .. . . ■ - 



Table 12 



Reaction temperature ;:>t • 
Butene conversion 
Sslectivity of C 8 Olefin t .. 
Average degree J* b^ohfog of C £ cfefin 



50 °C 
14% 
93% 

... 1*38 , 



35 



Claims 



silica* alumina having 



40 1. An olefin oligomerization catalyst comprising at least one oxide selected from alumina and 
a sulfate ton supported thereon. 

2. The olefin oligomerization catalyst as claimed in claim 1 , wherein said catalyst is obtained by a process comprising 
the steps of bringing a sulfuric acid aqueous solution or an ammonium sulfate aqueous solution into contact with 

45 at least one compound selected from alumina, silica • alumina and their precursors such as alumina hydrate, alu- 
minum hydroxide and silica • alumina gel. and calcining at a temperature at which a sulfate ion is not decomposed. 

3. The olefin oligomerization catalyst as claimed in claim 1 or 2. wherein a transition metal oxide or both of a transition 
metal oxide and aluminum oxide are further supported on the alumina and/or the silica • alumina having the sulfate 

so ion supported thereon. 

4 The olefin oligomerization catalyst as claimed in claim 3. wherein the transition metal oxid is contained in an 
amount of 0.1 to 40 % by weight in terms of a transition metal, based on the total weight of the catalyst. 

55 5. The olefin oligomerization catalyst as claimed in claim 3 or 4. wherein the transition metal oxide is at least one oxidtf 
selected from iron oxide, nickel oxide, cobalt oxide and chromium oxide. 



6. The olefin oKgomerization catalyst as claimed in claim 5, wherein the transition metal oxide is nickel oxide. 
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7. The olefin oligomerization catalyst as claimed in claim any one of claims 3 to 6, wherein the aluminum oxide is con- 
tained in an amount of 0.1 to 20 % by weight in terms of aluminum, based on the total weight of the catalyst 

8. The olefin oligomerization catalyst as claimed in any one of claims 1 to-7, wherein the sulfate ion is contained in an 
amount of 0.3 to 60 % by weight in terms of SO* based on the total weight of the alumina and/or the silica • alumina 
and the sulfate ion. < * > 

9. A process for preparing an olefin oligomerization catalyst comprising alumina' and/or silica • alumina having a sul- 
fate ion supported thereon, which comprises the steps of bringing a sulfuric acid aqueous solution or an ammonium 
sulfate aqueous solution into contact with at feaSt oTife compound selected from alumina, silica * alumina and their 
precursors such as alumina hydrate, aluminum hydroxide and silica * alumina gel, and calcining at a temperature 
at which a sulfate ion is not decomposed. 

1 0. The process for preparing an olefin oligomerization catalyst as claimed in claim 9, wherein the prdc^iurther'com- 
. prises the steps of bringing the catalyst comprising alumina and/or silica • alumina having the sulfate ion supported 

thereon into contact with a transition.mefal ot^ of being OTn^^ ihto 'kn oxide by oiidriing for both 

of said transition metal conpouncj £od ah alurranum ron^und capable of being feoi^ert^ 'irto'an oxSde by calcin- 
ing, arW then calcining at ^ yJ > : b " 

i oligomerization process opqprisijig subjecting an ' j^g^^ktidn'raw maferial ^obtaining an olefin to an 
. oligomerization reaction in .tifie'preserice of ' an oleffri oHgomfer&Stibh catalyst any one of claims 1 to '8; 

12. Thaplefin'oligomerization wocess as cfaimed in i&iim 1 1 , : wh&ein the olefinfe at leasHt an olefin -'of 2 to 10 carbon 
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20 11. An olefin 



- atoms. 



V.-; 



13. The olefin oligomerization process as claimed in claim 11 or 12, wherein the oli^mferlzationf raw material contain- 
ing an olefin is a low-boiling fraction obtained in a petroleum refining process or an ethylene plant 

14. The olefin oligomerization process as claimed in any one. of claims. 1 tto.13 J/yherein the olefin is subjected to an 
oligomerization reaction under the conditions of a rea<*'c^te*npejrature-of 0 to 400 °C, a reaction pressure of 0 to 
100 kg/cn^-G and LHSV of OM to 50 hr* 1 . 

' « . , ' ■ i 

15. The olefin oligomerization prbcess ?s claimed in any ohk'iA claims 1 f tcyte; wherein the olefin is subjected to an 
oligomerization reaction so as to obtaihfrsubstance esfected from gasoline; kerosine and gas oil. 



• ? v> v. - , 



45. 



50 



\ r-K <■ 



55:; 
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